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Thermal Stability and Electrical Properties of HfOxN, (HfO2) Gate Dielectrics

with TaN Gate Electrode

Jeon-Ho Kim, Kyu-Jeong Choi, and Soon-Gil Yoon, Won-Jae Lee’, and Jin-Dong Kim”
Chungnam Nat’l Univ, Dong-Eui Univ,, DNF Solution”

Abstract

HfO«N, films using a hafnium tertiary-butoxide (Hf{OC(CHs)sls) in plasma and N; ambient were
prepared to improve the thermal stability of hafnium-based gate dielectrics. A 10% nitrogen
incorporation into HfO; films showed a smooth surface morphology and a crystallization temperature as
high as 200C compared with pure HfO; films. The TaN/HfO.N,/Si capacitors showed a stable
capacitance-voltage characteristics even at post-metal annealing temperature of 1000 in Nz ambient
and a constant value of 1.6 nm EOT (equivalent oxide thickness) irrespective of an increase of PDA
and PMA temperature. Leakage current densities of HfO:Ny capacitors annealed at PDA temperature of
800 and 900°C, respectively were approximately one order of magnitude lower than that of HfO;

capacitors.

Key Words : High-k gate dielectrics, HfO,, HIONy, TaN gate electrode

.M E

100 nm ©}&8 CMOS 1&gl AlE R4
2A SiOe A4 Z2dgenz®E A8 1HAE
AE FAAI Si0:8 AEEAN dTHI 3§l
! 2H4AE AE FANE AEHF2EHN, TY
fEA3lE A (effecttive oxide thickness, EOT)
A AA ACE FAMNE FZHA ¥ F Y74,
FAAY BHdy THAFE A8 E49F + d
t} 2

AYEH 45 do gdgx Ao
& HfO:9} HfSiOs A+71 2o F5& 3
03 Al HiOE tdA A& AcEs
el sttt a2y, nedA ARE FA
A0z Q% EOTY 3719 v ZAE 22

ol 32 (2

o

1% 5 FAUFUE 5o AR A ¥
FAAFUES BOTS 2& EARES A7)
do A2 39 Jecl AFHR JYg™ & a7
AL, ACE FAA HEE Asted HIO, W
o A28 FUste AL A=A,

2. 44

pd APE(100) dolzlE RCA AATE F,
HfO, (HfO«Ny) & w87t~ 4k glo]
hafnium-tertiary-butoxide  (Hf[OC(CHa)sls
Techno Semichem Co., Ltd., Korea)& A}-&38t
Zzn 33 A4 FAYeR FAFPT. BE
2] =g 30~3CT= $ A3}
Hafnium-tertiary-butoxide® 71382171 ¥ HIO;

— 54 -



(HfONy) k2 Ar(Ar+Nz) ¥9171914 RF %49
WOWE  ZFZANZH. Zgzold 9% HIO:
(HfONy)o} A& A &8 £o]7] A& =
7]o) EzolE AHL3lA] ¢a HIOE 1 ¥ 5%
g ¥ EZelznig o)gdld FAIUTS AoE
A9l TaN+ DC vlavEE 29 HY Pie=
Z#s 9. d¥8xAL A4 5mTorr, 2282
No/Arg 0059 v&2 F3sch A713A B4
£ =437 98 TaN Aol HAIFE lift-off
lithography #& o2 ¥E%3, MOS capacitor
WL 50 X 50 m’E d}4uh. Post Deposition
Annealing (PDA) 258 F4 #9704 1& F
ok 600~800C7Hx WIAAL, Post Metal
Annealing (PMA)E A4 EH7)dA 18 ¢
900Cl A Adstart

HfO; (HfO«Ny) 2=e] HAATZEE  x-ray
diffraction (XRD; Rigaku, D/MAXRC, Japan)2.E
st At HfO, (HfON,) wete] B3 A=
Ellipsometry & AH43te] ZAE AT, 9ot F¢
¥ AAE auger electron spectroscopy (AES; VG
Scientific Microlab 310-D, United Kingdom)E& A}
£35lo dAHAY FAREF-AYG (C-V)F HFH-
At (I-v) R HP4194A
impedance/gain-phase  analyzer$} HP4156A
semiconductor parameter analyzer2 ZtZt A H

et

3. 8% % uF

3

g 194 g9gd LxdAM dxzyd 30
nm-HfO; (HfON,) #2e] XRD #HEE& EAF
o Utk AL EE A4 BA7NAM 58 ¢
500~900C7HA) WM3A A Btk 300CAAN $39
As-deposited HfO; 9%(Fig. 1(a))olX e 9 H
£ (111) peak®He BAFE oy A4 FAHI)
g o]Fx 4SS JEbATE 233 600Te] el
A A2 BY7idA 58 B¢ 48| HfO, H#t
£ @As AAsHO (110), (-111), (111), (200)
o] ©hAbE A HO; peakS YEMATH o]g) W
2, HfON, (Fig. 1(b)) gtet& AA E&7|dlA
58 < 800C @487 FolE 43 vy
gz EA48c} ol HfON, dtato] A7 F
goan AXYFLE7 HIO, ¥vF 200CAHE H°}
A Az B ¢ U

3% 2@ & 4 U700 18 $¢ 600T

4 22 3k HfO, (HfON,)/Si®] AES spectrum

- 55 -

(a) HfO,

N, 800°C 5 min
N, 700°C § min

N, 600°C 5 min

-
-
-
~

(T41)

110)

Intensity (arb. unit)
} g

N, 500°C 5 min

As-deposited

20 25 30 3 40
2 Theta (degree)

() HION,

(111)
(200)

N, 800°C 5 min

N, 800°C 5 min

Intensity (arb. unit)

N, 700°C 5 min

As-deposited
A

20 25 30 35 40
2 Theta (degree)

238 1. X-ray diffraction patterns of (a) HfO; (~
30 nm) and (b) HfO«N, (~30 nm) films
annealed at various temperatures for 5 min

in nitrogen ambient.
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23 2. (a) AES spectrum of 5 nm-HfO: (65
nm-HfONy)/Si annealed at 600C in
nitrogen ambient for 1 min. Insert figure
shows the nitrogen incorporation into
HfO; film. (b) AES depth profile of
HfO«N,/Si annealed at 600C in nitrogen

ambient for 1 min
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3% 3. (a) EOT and (b) leakage current density of
TaN/Si nm-HfO; (55 nm-HfO.N,)/Si
capacitors annealed at various post
deposition annealing (PDA) temperature
for 1 min in Nz ambient. The post metal
annealing (PMA) was performed at 90
0T for 1 min in a N2 ambient.
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1% 4 Leakage current density vs. EOT of HfO.
and HfON, dielectrics show lower
current density compared to HfOs.
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